Background: Pathologic changes of the long head of the biceps tendon are a recognized source of shoulder pain in adults that can be treated with tenotomy or tenodesis when nonoperative measures are not effective. It is not clear whether arthroscopic or open biceps tenodesis has a clinical advantage. Hypothesis: Pain relief and shoulder function after all-arthroscopic suprapectoral biceps tenodesis are similar to outcomes after an open subpectoral tenodesis. Study Design: Cohort study; Level of evidence, 3. Methods: A prospective database was reviewed for patients undergoing an all-arthroscopic suprapectoral or open subpectoral biceps tenodesis. Adult patients with a minimum 18-month follow-up were included. Patients undergoing a concomitant rotator cuff or labral repair were excluded. The groups were matched to age within 3 years, sex, and time to follow-up within 3 months. Pain improvement, development of a ''Popeye'' deformity, muscle cramping, postoperative American Shoulder and Elbow Surgeons scores, satisfaction scores, and complications were evaluated. Results: Forty-six patients (23 all-arthroscopic, 23 open) with an average age of 57.2 years (range, 45-70 years) were evaluated at a mean follow-up of 30.1 months (range, 21.1-44.9 months). No patients in either group developed a Popeye deformity or complained of arm cramping. There was no significant difference in mean American Shoulder and Elbow Surgeons scores between the open and all-arthroscopic groups (92.3 vs 88.9; P = .42); similarly, there was no significant difference in patient satisfaction scores between the groups (8.9 vs 9.1; P = .73). Eighteen patients (78.3%) in the arthroscopic cohort and 16 (69.6%) in the open cohort fully returned to athletic activity (P = .50). Eight patients (34.8%) in the arthroscopic group and 10 (39.1%) in the open group reported pain at night or with heavy activities. There were no complications in the all-arthroscopic group. There were 2 complications in the open group that resolved by final follow-up.
management may involve tenotomy or tenodesis of the biceps tendon using a variety of techniques. Tenotomy has been recommended for many patients because it is a technically less difficult procedure and may require less postoperative rehabilitation. 9 However, many authors have argued that tenodesis should be used particularly for younger patients, those involved in athletics or manual labor, and those who wish to avoid cosmetic deformity with the ''Popeye'' appearance. 1, 10, 23 Use of a tenodesis technique may also avoid the biceps muscle-belly cramping that is associated with tenotomy. 1, 21 Many authors have described open techniques 8, 19, 24, 27, 29 as well as all-arthroscopic techniques for biceps tenodesis. 2, 4, 13, 14, 25, 32 In a biomechanical assessment of 4 tenodesis techniques (open subpectoral bone tunnel biceps tenodesis, arthroscopic interference screw technique, open subpectoral interference screw fixation technique, and arthroscopic suture anchor tenodesis), there was no statistically significant difference in the ultimate failure strength among any of the techniques tested. 17 Sanders et al 31 reported revision rates for various open techniques and 1 arthroscopic technique that placed the biceps proximal to the pectoralis major tendon. They found that the arthroscopic technique had a higher trend toward revision than a proximal open technique and had a significantly higher revision rate than a distal open technique.
The purpose of this study was to determine whether a difference in outcomes and complications exists between matched cohorts after biceps tenodesis utilizing an open subpectoral versus an all-arthroscopic suprapectoral technique.
MATERIALS AND METHODS

Patient Selection Criteria
A review of prospectively collected data from patients who underwent shoulder arthroscopy from 2009 to 2012 by 2 fellowship-trained shoulder surgeons in a high-volume clinical practice was undertaken to identify eligible patients. An institutional review board approved the study. One surgeon utilizes an open subpectoral biceps tenodesis technique, while the other surgeon uses an allarthroscopic technique that places the biceps tendon distal to the bicipital groove in the suprapectoral region ( Figure  1 ). A consecutive series of patients undergoing arthroscopic tenodesis was identified. Additionally, patients within the open tenodesis cohort were matched based on age (within 3 years), sex, and time to follow-up (within 3 months) to the arthroscopic tenodesis group.
Indications for surgery included symptomatic tear of the biceps tendon that was at least 25% thickness, subluxation of the LHB medially or with a tear of the subscapularis, chronic pain from tendinosis of the long head of the biceps, superior labral tear, or symptomatic tendinitis with inflammation of LHB visible on diagnostic arthroscopy. Patients underwent a trial of nonoperative treatment (including physical therapy, activity modification, and NSAIDs) for an average of 5 months (range, 1-13 months) before the tenodesis procedure. All patients had at least 1.5 years of follow-up after surgery. Patients were excluded if they had a concomitant rotator cuff or labral repair at the time of surgery. All patients were examined preoperatively using plain films, magnetic resonance imaging, and clinical examination by their treating surgeon.
Outcomes were evaluated using the American Shoulder and Elbow Surgeons (ASES) Standardized Shoulder Assessment Form 17 at final follow-up. Additionally, patients were specifically asked questions regarding biceps cramping, return to sport, and cosmetic deformity at final follow-up. Patient satisfaction score with the procedure was recorded (on a scale from 1-10, with 1 being unsatisfied and 10 being very satisfied). Data on operative or postoperative complications were collected from operative reports and clinic notes, respectively.
Surgical Technique and Rehabilitation
The all-arthroscopic suprapectoral biceps tenodesis technique performed in this series has been described by Lutton et al. 14 The patient is positioned in the modified beach-chair position. Along with standard posterior, lateral, and anterior arthroscopic portals, a ''biceps'' portal is created overlying the groove between the subscapularis and pectoralis major ( Figure 2 ). After the biceps tendon has been released intra-articularly, a subdeltoid bursectomy occurs, and the biceps tendon is identified within the groove ( Figure 3A ). The remaining tendon is removed from the groove distal to the transverse humeral ligament, and the ligament itself is released arthroscopically ( Figure  3B ). The site of the tenodesis is marked distal to the bicipital groove based on anatomic landmarks to obtain the appropriate length-tension relationship. 5 The tenodesis site between the pectoralis major and subscapularis is cleared of soft tissue. A unicortical guidewire is placed into the humerus distal to the bicipital groove, and the near cortex is overreamed with a size 9 reamer to create a socket for the biceps ( Figure 3C ). The tendon is docked into the socket and appropriately tensioned with the arm at 30°of flexion. The tendon is initially secured with a pin, followed by size 8 Biceptor (Smith & Nephew) interference screw ( Figure 3D ).
After the arthroscopic tenodesis, patients used a soft tissue sling for comfort and were instructed to discontinue use of the sling as tolerated. They followed a standard postoperative protocol that included immediate passive range of motion exercise, followed by active range of motion at 2 to 3 days postoperatively. Resistance exercises were started at week 7, and weight training was initiated at week 8. Patients were allowed to return to full activity without restrictions at 3 months postoperatively.
The open subpectoral tenodesis technique utilized in this series was described by Mazzocca et al. 19 Once the LHB tendon is released from the glenohumeral joint during shoulder arthroscopy, a longitudinal incision approximately 3 to 4 cm in length is made in the axilla. The pectoralis major fascia is split in line with its fibers down to the bicipital groove. Once the bicipital groove is identified, the LHB tendon is delivered out of the wound. The diseased portion of the tendon, surrounding tenosynovium, and transverse humeral ligament are excised. The proximal end of the tendon is whipstitched with a No. 2 FiberLoop suture (Arthrex) starting just proximal to the myotendinous junction. A unicortical guide pin is placed directly underneath the pectoralis tendon at the tenodesis site, and a unicortical socket is reamed over the guidepin. To maintain the length-tension relationship of the LHB, the socket is placed under, instead of distal to, the pectoralis major tendon, as the musculotendinous junction of the biceps is proximal to the lower border of the pectoralis major tendon. 5 An 8-mm cannulated interference Tenodesis Screw (Arthrex) is selected, and 1 limb of the suture is passed through the screw. The Tenodesis Driver (Arthrex) tip is inserted with the tendon placed into the socket, and the screw is advanced to fix the biceps tendon ( Figure 4 ). The suture strands are then tied to reinforce the repair. 
Statistical Analysis and Sample Size Calculation
A sample size calculation 16, 36 was performed to determine the sample size required to evaluate whether the ASES scores of an all-arthroscopic tenodesis were not significantly different from those of an open tenodesis. At a significance level of 0.05 (alpha) and a power of 0.81 while allowing for a minimal clinically important difference between ASES scores 34 of 12 and a standard deviation of 1, a minimum of 17 patients would be required in each treatment group.
Comparison of demographics and outcome scores between the 2 groups was performed using independentsamples t test. Comparison of complication rates was performed using x 2 test. All reported P values are 2-tailed with an a level of 0.05 indicating statistical significance.
RESULTS
Thirty patients who underwent arthroscopic biceps tenodesis were eligible for inclusion, after a review of the patient database, preoperative radiographs, and operative reports of consecutive patients. Of these, 23 patients were available for final follow-up. A control group of 34 patients who were undergoing open tenodesis were available for follow-up, of which 23 were matched to the arthroscopic tenodesis group on the basis of age, sex, and time to follow-up.
The average age of all patients was 57.2 years (range, 45-70 years). The mean time to final follow-up was 30.1 months (range, 21.1-44.9 months). In the arthroscopic tenodesis group, 17 patients (74%) also underwent subacromial decompression; 8 (34.8%), labral debridement; and 3 (13%), rotator cuff debridement. None of the arthroscopic tenodesis procedures were converted to open procedures. In the open subpectoral tenodesis group, 18 patients (78.3%) also underwent subacromial decompression; 6 (26%), labral debridement; and 4 (17.4%), rotator cuff debridement.
The mean ASES score for all patients was 91 (95% CI, 86.1-95.6) at final follow-up. The mean satisfaction score was 9 (95% CI, 8.6-9.4). There was no significant difference in final ASES scores in patients who underwent either arthroscopic or open tenodesis (88.9 vs 92.3, respectively; P = .42). Similarly, there was no statistically significant difference in the mean satisfaction scores between the arthroscopic and open groups (9.1 vs 8.9, respectively; P = .73). These results are summarized in Table 1 .
In the arthroscopic tenodesis group, 18 patients (78.3%) were able to fully return to athletic activity. Fifteen patients (65.2%) reported that their shoulder was painfree, and the remaining 8 (34.8%) reported occasional night pain or pain with heavy activities. In the open tenodesis group, 16 patients (69.6%) were able to fully return to athletic activity. Thirteen patients (56.5%) reported complete pain resolution, and the remaining 10 (43.4%) noted night pain or pain with heavy activities. There was no statistically significant difference between the percentages of patients fully returning to athletic activity after either tenodesis technique (P = .50) ( Table 2 ).
There were no instances of arm cramping, and no patients had a significantly visible Popeye deformity at final follow-up in either the arthroscopic or open biceps tenodesis group. There were no surgical or postoperative complications in the arthroscopic tenodesis group. In the open tenodesis cohort, there were 2 complications noted (8.7%). There was 1 case of superficial erythema at 6 weeks postoperatively that resolved with oral antibiotics. One patient developed a brachial plexopathy that was diagnosed by electromyography. This resolved at 5 months postoperatively with observation and physical therapy. The x 2 analysis revealed no statistically significant difference in complication rates between the groups (0% vs 8.7%; P = .15).
DISCUSSION
The long head of the biceps brachii can be a significant source of shoulder pain secondary to degeneration, inflammation, mechanical irritation, trauma, or sports-related injury. Treatment for LHB pathologic abnormality usually begins nonoperatively with NSAIDs, activity modification, physical therapy, and injections. In cases of recalcitrant biceps injuries, the LHB can be managed surgically with either a tenotomy or tenodesis. While tenotomy is technically less challenging, it can cause cosmetic deformity and muscle-belly cramping. 33 A variety of open and arthroscopic tenodesis techniques have been reported in the literature. One widespread concern over an arthroscopic tenodesis technique pertains to persistent bicipital groove pain and tendinopathy due to a portion of the tendon remaining within the bicipital groove. 11, 14, 27, 31 The arthroscopic technique utilized in the current series places the tenodesis in the suprapectoral region distal to the bicipital groove, which may more predictably alleviate bicipital groove pain. 14 The goal of this series was to evaluate the pain improvement, outcome scores, and satisfaction scores in a matched control group of patients undergoing an all-arthroscopic versus open biceps tenodesis. Patients undergoing a concomitant rotator cuff or labral repair were excluded to minimize potentially confounding variables. Both techniques place the biceps tendon distal to the inferior aspect of the transverse humeral ligament. Additionally, both utilize an interference screw for final fixation.
The mean outcome scores at a minimum 1.5-year follow-up were statistically similar after either an allarthroscopic or open biceps tenodesis. In addition, there was no statistically significant difference in mean postoperative satisfaction scores with either technique. A majority of all patients fully returned to athletic activity and reported a pain-free shoulder. There were no instances of arm cramping or significant Popeye deformity in either the arthroscopic or open tenodesis group. More than onethird of patients in either group reported pain with heavy activities, which is higher than previously published rates of postoperative pain after biceps tenotomy. 33 The findings in this series are similar to those reported in the literature. Werner et al 35 Lutton et al 14 presented a series of 17 patients undergoing an arthroscopic suprapectoral biceps tenodesis, where the technique utilized in the current series was described. In the 17 patients, the mean ASES score at an average 28-month follow-up was 78. They reported no instances of a change in the contour of the arm and no substantial complications. Five patients had a tenodesis performed within the upper half of the bicipital groove, 2 of whom had persistent tenderness at the tenodesis site 1 year after surgery. In the suprapectoral tenodesis group, where the LHB tendon was reattached distal to the bicipital groove, all patients had no tenderness at the tenodesis site at final follow-up. Although the optimal placement of the biceps tendon remains controversial, 5, 14, 19, 27, 32 the authors concluded that a tenodesis placed more proximal in the groove may result in a higher rate of postoperative pain.
These findings further suggest the importance of reattaching the long head of the biceps distal to the bicipital groove. Sanders et al 31 shared a similar conclusion when reporting revision rates after a retrospective review of 127 biceps tenodesis procedures at an average 22-month follow-up. Revision rate of tenodesis performed distal to the biceps groove was significantly lower than proximal tenodesis or tenotomy (7.7 vs 20.6%, respectively). Techniques that released the biceps sheath (6.8%) had significantly lower revision rates than techniques that did not (20.6%). Johannsen et al 11 anatomically and radiographically evaluated the in vivo tenodesis location after open subpectoral and arthroscopic suprapectoral biceps tenodesis in 20 matched cadaver shoulders. While the open tenodesis tunnel was on average 2.2 cm distal to the arthroscopically created tunnel, both methods consistently placed the tenodesis site distal to the bicipital groove. In the arthroscopic and open biceps tenodesis techniques presented in the present series, the biceps tendon is reattached distal to the bicipital groove, and the biceps sheath is released. There were no instances of failure or revision surgeries for residual bicipital pain in either cohort.
Nho et al 22 presented complication rates over a 3-year period in a large clinical series of 353 patients undergoing open subpectoral biceps tenodesis with an interference screw. There were only 2 cases (0.57%) of persistent bicipital pain in the reported series. The authors attributed this low rate of persistent pain to fixing the biceps tendon distal to the bicipital groove. Additionally, 2 patients (0.57%) had loss of fixation; 1 (0.28%) had a deep postoperative wound infection; and 1 (0.28%) developed a musculocutaneous neuropathy noted 10 days postoperatively.
In the present series, there were 2 complications in the open tenodesis group and no complications in the allarthroscopic group. One patient developed a superficial infection that resolved with oral antibiotics and observation. Another patient developed a brachial plexopathy with triceps weakness noted postoperatively. The patient was a 50-year-old man with a low-grade partial thickness rotator cuff tear and biceps tendinosis secondary to a work-related injury. The open subpectoral tenodesis was performed in standard fashion with an 8-3 12-mm interference screw. Postoperative electromyography showed a plexopathy involving the middle trunk. The patient underwent physical therapy, and at 5 months postoperatively he had full symmetric triceps strength and had returned to work. The proximity of the brachial plexus to the tenodesis site places the neurovascular structures at risk, especially in the deep surgical dissection and medial retraction involved during an open subpectoral procedure. 15, 22, 28 Rhee et al 28 presented a case series of 4 patients who sustained an iatrogenic brachial plexus injury after open subpectoral biceps tenodesis. There was 1 injury to the posterior and medial cords, another to the middle and lower trunks, 1 median nerve injury, and 1 musculocutaneous nerve injury. A cadaveric simulation by Dickens et al 6 placed the musculocutaneous nerve within a mean 2.9 mm from the medial retractor. The distance from the musculocutaneous nerve to the tenodesis site with the shoulder in 30°of abduction improved with shoulder external rotation from a mean 8.1 mm in 45°of internal rotation to 19.4 mm with 45°of external rotation. Ma et al 15 reported a musculocutaneous nerve injury from positioning the LHB tendon deep to the nerve with subsequent entrapment. The close proximity of the musculocutaneous nerve to the distal subpectoral tenodesis site and excessive medial retraction during the surgical exposure can increase the risk of iatrogenic nerve injury during the open tenodesis procedure. Additionally, open subpectoral biceps tenodesis is typically performed after shoulder arthroscopy; thus, fluid extravasation and swelling may make visualization more difficult and place additional pressure on adjacent neurovascular structures. There were no incidences of nerve injury in the arthroscopic suprapectoral group, which utilizes a low anterolateral portal to access the lowest aspect of the bicipital groove. Knudsen et al, 12 in a cadaveric study, reported that this portal came into close contact with a small distal branch of the axillary nerve in nearly half the shoulders evaluated. While this may not cause significant nerve injury, this portal should be created bluntly to protect the distal axillary nerve branches.
Loss of fixation is another concern after either arthroscopic or open biceps tenodesis, as it may contribute to postoperative failure. Mazzocca et al 17 The findings in the present study should be interpreted with certain limitations. First, the sample size is relatively small, and a larger sample population is needed to more accurately determine whether the underlying technique affects shoulder function and pain resolution. Additionally, the integrity of the biceps construct was determined clinically. Although our institution does not routinely perform magnetic resonance imaging or ultrasonography for routine postoperative evaluations, this information would more objectively determine the reliability of each tenodesis technique. While the present study was designed to eliminate the confounding effect of concomitant procedures, such as rotator cuff or labral repairs, underlying superior labral degeneration, subacromial impingement, or partial rotator cuff tears that underwent debridement may affect patient outcomes. Finally, although each surgeon in the study uniformly utilizes either an open or arthroscopic technique, the lack of randomization may introduce selection bias and performance bias into the reported results.
CONCLUSION
Biceps tenodesis is a reliable treatment option for pathologic abnormalities of the long head of the biceps that may avoid arm cramping and a cosmetic Popeye deformity that can occur after tenotomy. Open subpectoral and all-arthroscopic suprapectoral are 2 commonly used techniques to reattach the biceps tendon distal to the bicipital groove. In this study, patients undergoing an allarthroscopic suprapectoral tenodesis experienced similar pain relief, shoulder function, and return to athletic activity as patients undergoing an open tenodesis. An open subpectoral technique may increase the risk of complications secondary to a larger incision, increased surgical dissection, and proximity of the tenodesis site to the brachial plexus. Larger studies with longer follow-up would help delineate the long-term effects and potential differences between an all-arthroscopic suprapectoral and open subpectoral biceps tenodesis.
